modification.
Iron was eliminated from the basal medium by chloroform-8-hydroxyquinoline extraction.
On this iron deficient agar medium, all the strains of E. tarda showed siderophore positive reactions. The siderophores were prepared from two virulent and two avirulent strains and examined their electrophoretic mobilities at pH 5.6. The siderophore mobilities against H2PO4-were all-0.05 and no differece was found among these 4 strains.
A number of microorganisms which live under iron restricted circumstances are known to excrete siderophores (NEILANDS, 1984) . Especially for pathogens, when they grow in the blood of the host, siderophores are necessary to gain Fe from high-affinity iron-binding proteins such as trans ferrin or lactoferrin. From this point of view, siderophores are thought to be one of the most important virulent factor (LANKFORD, 1973; BULLEN et al., 1974; MARTINEZ et al., 1990) . For instance, some strains of Vibrio anguillarum excrete a siderophore, anguibactin, which is a conclusive factor for its virulence (CROSA et al., 1985) .
Edwardsiella tarda causes paracolo disease in cultured Japanese eel Anguilla japonica to do much damage to the industry. Other fish such as plaice (NAKATSUGAWA, 1983) , tilapia (KUBOTA et al., 1981) , mullet (KUSUDA et al., 1976 ) also suffer from edwardsiellosis. E. tarda infections have been known for long years, but its pathogenic mechanism is still elusive and the appropriate prophylaxis is not yet established enough.
Recently it has been reported that iron acquisi tion by E. tarda may play an important role in its infection (PARK, 1986; IIDA and WAKABAYASHI, 1990) . That is, virulent strains of E. tarda are much more resistant against the bacteriostasis of iron-chelating reagents than avirulent strains. For this reason, it is thought that virulent strains possibly have more efficient iron acquiring system.
In this paper we tried to confirm the existence 
Result
Iron Elimination MEM-PIPES initially contained 15 ppb Fe (Table 2) . After the elimination treatment, the Fe content fell less than 6 ppb. This result was thought enough to satisfy CAS assay Siderophore Detection on MEM-PIPES Agar S typhimurium IID-1000 (positive control) and LT2 enb7 (negative control) reacted clearly on plates with both assay solution and shuttle solution.
But yellow area around the colonies of E tarda was always faint on plates with assay solution However, when CAS shuttle solution was used, all the strains of E. tarda gave a clear positive reaction within 8 days as shown in Fig. 1 . The difference of the reaction was not noted among the 16 strains. In other words, both virulent and avirulent strains of E. tarda produce siderophore to similar extent.
Electrophoretic
Mobilities of the Siderophores In electrophoresis, H2P04-was detected at 128 mm from the base line whereas siderophore Table 2 . Result of iron elimination n d not detected (less than 6 ppb). of E. tarda was found to locate at the 7 mm in the opposite direction.
The positions of the siderophores of all E. tarda were at the same point, and the mobility against H2PO4-was calculated as -0.05 (Table 3) .
Until late years siderophore production has been determined by individual bioassay or chem ical assay. But, these methods have some problems. They require complicated procedures and can not cope with unhnown siderophores. In this study, preliminarily we tried to detect siderophore with a bioassay using Salmonella typhimurium LT-2 enb7 (NEILANDS, 1984) . This strain can not synthesize a siderophore, en terobactin, which is required under iron-restricted conditions. In this assay, citrates which chelate Fe must be added to reduce the growth of S. typhimurium. If assayed bacteria excrete en terobactin or similar siderophores, the growth of S. typhimurium can be detected. Citrates, however, also interfered the growth of E. tarda (data not shown), so we could not employ this bioassay.
In this work, chemical CAS assay which can detect siderophores universally was used. A minimum medium is usually employed for the growth of bacteria in siderophore detection. Although D'EMPIRE (1969) had already reported a minimum medium of E. tarda, the growth was not so good on the iron-eliminated agar medium prepared with the minimum medium. In using M9 agar (SAMBROOK et al., 1989) , a minimum medium of Escherichia coli, E. tarda did not show appropriate growth. Therefore, MEM -PIPES was developed as a basel medium instead of these media. MEM-PIPES contains many amino acids and minimum phosphate, so it may be possible to apply this medium to various bacteria in siderophore detection. This is the first report about the siderophore of E. tarda. In comparison with reported sid erophores such as enterobactin, the present sid erophore seemed to have less ability to chelate Fe because it could not detect on the plate with CAS assay solution clearly.
Only one kind of siderophore was confirmed from E. tarda which was observed to differ from that of Escherichia coli, Rhizobium meliloti, Rhodotorula pilimanae (SCHWYN and NEILANDS, 1987) . Thus it is suggested that E. tarda ex cretes a single siderophore specific to this species, which might be a new siderophore.
With regard to virulence, both virulent and avirulent strains produced the same siderophore. It was thought that the siderophore is not an essential virulence factor in E. tarda. Although virulent strains of E. tarda exceeded in iron acquisition (IIDA and WAKABAYASHI, 1970) , we could not secure the evidence for the participation of the siderophore in its virulence. TOLMASKY and CROSA (1984) reported the gnificance of the siderophore receptor protein O M2 in the virulence of Vibrio anguillarum. Besides, outer membrane proteins of Vibrio species are thought to be indispensable factor for its survival in their host (PAYNE, 1987) . Like this, siderophores and their receptor proteins are closely related in iron metabolism. So, it will be necessary to study outer membrane pro teins to make clear the iron acquisition system of E. tarda. 
